Low birth weight (LBW) and fetal anaemia (FA) are common in malaria endemic areas. To investigate the incidence of infectious morbidity in infants in rural Malawi in relation to birth weight and fetal anaemia, a cohort of babies was followed for a year on the basis of LBW (<2500) and FA (cord haemoglobin <12.5g/dl). A matched group of normal birth weight (NBW), non-anaemic (NFA) new-borns were enrolled as controls. Morbidity episodes were recorded at 4-weekly intervals and at each extra visit made to a health centre with any illness. Infants in the NBW NFA group experienced an average of 1.15 (95% C.I. 0.99, 1.31), 1.04 (0.89, 1.19), 0.92 (0.73, 1.11) episodes per year of malaria, respiratory infection and diarrhoea respectively. Corresponding values for the LBW FA group were 0.83 (0.5, 1.16), 0.82 (0.5, 1.16) and 0.76 (0.33, 1.19). FA was not associated with a higher incidence of morbidity, but was significantly associated with a shorter time to first illness episode (p=0.014). LBW was not a significant risk factor for higher morbidity incidence. LBW and FA were not significant risk factors for incidence of illness episodes in infants.
Introduction
In sub-Saharan Africa, infant morbidity and mortality are excessively high and reductions in mortality rates have not kept pace with expectations, with rates only improving from 114 in 1980, to 108 per 1000 live births in 2000 1 . Over the same period, greater reductions have occurred in other regions of the world. In Malawi, infant mortality rates of 157 and 117 per 1,000 live births were reported in 1980 and 2000 1 . Most available data indicate that diarrhoea, malaria and acute respiratory infections account for the majority of these infant deaths 2. .
Low birth weight is a risk factor for infant mortality 3, 4 . Its association with infant morbidity is less well established and it is unclear whether the increased morbidity risk relates to a higher incidence or to severity of infection. Fetal anaemia is also an important risk factor for anaemia in the first six months of life 5 and may contribute to mortality risk 6 . The effect of fetal anaemia on infectious infant morbidity has not been studied. As low birth weight and fetal anaemia have been related to malaria in pregnancy 7-9, it is important to establish their association with infant morbidity in malaria endemic areas. The objective of this study was to investigate the incidence and severity of infectious morbidity in infants in relation to low birth weight and fetal anaemia in an area with high malaria transmission.
Patients and methods
This study was undertaken between March1993 and September 1995 in a rural area of Southern Malawi, an area of high HIV seropositivity with holo-endemic malaria transmission (10) . The estimated population size in 1987 was 316,733, of whom 68,998 were women of child bearing age. The estimated infant mortality rate in this district was 174 per 1000 live births compared to a national average of 159 deaths per 1000 live births(11). The study was located in Chikwawa District Hospital (CDH) and Montfort Hospital (MH), which are 30 km apart. All women attending the antenatal facilities of these hospitals between March 1993 and June 1994 were enrolled at their first antenatal visit after informed consent was obtained. At recruitment a questionnaire was completed by a project nurse, which included information on age, literacy and obstetric history. For logistic reasons information on delivery was only collected from women who attended the hospital facilities of CDH or MH for delivery. The baby was weighed to the nearest 10 grams on a Salter scale immediately after birth and gestational age was assessed using a modified Ballard method
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. In previous papers, the study area, methodology and maternal health in relation to malaria, anaemia and HIV are described in more detai l5,10 .
Infant follow-up
A stratified sample of infants was selected based on low birth weight (LBW) and fetal anaemia (FA). Matched controls were infants born on the same day with normal birth weight (NBW) and no fetal anaemia (NFA). Cases were defined as LBW FA, LBW NFA and NBW FA. Babies who died within 48 hours post-partum, during the hospital observation period, were excluded. To allow for seasonal factors, enrolment occurred over a one-year period. Mothers were asked to return to the hospital with their child at 4-weekly intervals with the first visit occurring at six weeks of age so as to ease integration with the immunisation schedule. An active surveillance system was in place to enhance follow-up for non-attenders. Data was also collected when the child was brought to a health facility with an intercurrent illness at unscheduled visits. If this visit was at a facility outside the study area data was extracted from the child's under-5 health record. At every visit, scheduled or unscheduled, to one of the two study hospitals, research nurses completed a questionnaire which included questions on cough, eye discharge and diarrhoea. In addition, a basic clinical examination was performed including axillary temperature and respiratory rate. Infants presenting with an illness were treated according to Malawi standard management guidelines 12 .
Laboratory investigations
Maternal blood, collected by venepuncture at recruitment and delivery, and cord blood were assessed for haemoglobin level (Hb) and malaria. Malaria slides were also made from placental blood obtained from deep between the villi. Infant blood for Hb and malaria assessment was collected by finger prick at scheduled visits at 10, 18, 26, 38 and 52 weeks and with every illness when attending a study hospital. Hb was measured photometrically after conversion to cyanometheamoglobin using a heamoglobinmeter (Biotron). Malaria slides were stained with Giemsa and read counting asexual Plasmodium falciparum parasites against 200 white blood cells. Maternal HIV status was assessed after obtaining informed consent using two different enzyme-linked immunosorbent assays.
Definitions
LBW was defined as birth weight less than 2500 grams and FA as cord haemoglobin less than 12.5g/dl. This value is two standard deviations below the mean cord Hb for industrialised countries(8). Morbidity was defined as specific disease episodes reported by the mothers at scheduled visits or unscheduled visits. The clinical diagnoses were established and documented by the Clinical Officers or Medical Assistants attached to the attended health facilities. Fever was defined as axillary temperature greater than 37.5 ºC. A respiratory rate greater than 60 per minute was considered a lower respiratory infection for children under two months of age, for older infants, a cut-off value of 50 per minute was used(13). A persistent episode was defined as an illness which lasted between two scheduled visits spanning a period of four weeks.
Sample size
The sample size calculation was based on detecting a significant difference in prevalence of infant malaria between LBW and NBW infants. To detect a risk ratio of at least 2, with 95% confidence and 80% power, with a 6 to 1 ratio of infants in the NBW to LBW group, a sample of 162 NBW and 27 LBW babies was required. This assumed a 30% infant malaria prevalence among these infants.
Analysis
Data were analysed using SPSS for windows, version 11.0 (2001) and EPI-Info 2000. Time to first infection was calculated using Kaplan-Meier curves and the Log rank test was used to compare the age at first infection between subgroups. To estimate incidence, episodes of morbidity (including death) at all visits (scheduled and unscheduled) were considered. The follow-up period was the number of days from birth to 1 year of age or last visit, whichever came first. Incidence estimates and their confidence intervals were calculated by dividing the number of new episodes by the duration of follow up and converted to annual rates. Comparative proportions between groups were compared using the chi-square test.
Ethical approval
The study received ethical approval from the College of Medicine Research and Ethics committee.
Results
The study recruited 561 infants from 1523 deliveries of whom 43 were twins and 50.3% were males. Among those recruited, 494 infants attended for at least one scheduled visit (Table 1 ) and a variable number of unscheduled visits (extra visits). There were 67 babies who did not attend for any visit and they were excluded from any further analysis. There were 112 infants with LBW, 124 with FA, 35 with both LBW and FA and 199 controls (NBW NFA). Birth weight or cord Hb status was not known for 24 infants and they were excluded from the analysis (Fig 1) . The average number of scheduled visits was 7 per child (range 1-13). There were 1215 extra visits (unscheduled) made by 401 infants, an average of three per child. Thirty-eight infants died during the followup period of whom three in the first months post-partum. There were a total of 4888 months of follow-up for 494 infants, with a median follow-up period of 11 months. Table  2 shows the baseline maternal characteristics of the study groups. Mothers with infants in the LBW FA category had significantly more placental malaria than controls (p<0.05). Mothers of infants in the LBW NFA category were more likely to be anaemic, adolescent, of short stature and more likely to be primiparious than controls (all p<0.05). 
Evaluation of clinical diagnosis
A total of 467 malaria diagnoses were made by Clinical Officers and Medical Assistants of which 338 were made at the study hospitals. Of these, 81.2% of the infants were febrile and 89.3% were prescribed treatment with sulfadoxine pyrimethamine. There were 47.3% with an unknown malaria slide result, 21% with a negative and 31.7% with a positive malaria slide result. Malaria prevalence at 2 months was 2.3% and after this had an average of 6.2% per visit.
There were 440 episodes of respiratory infection recorded of which 245 were made by Clinical Assistants and Medical Officers at study hospitals. Of these, 75.9% of the infants were febrile and 53.5% had a malaria slide taken of which 21.4% were positive. In infants under 2 months, 64.3% had a lower respiratory tract infection, in infants older than 2 months, 70.2% had a lower respiratory tract infection. Among those diagnosed with a respiratory infection, 87.2% of mothers mentioned that their children had a cough and/ or runny nose, 31% were treated with penicillin and 40.8% with cotrimoxazole. Of the one hundred infants (35.5%) who received SP, 84 also received an antibiotic.
There were a total of 323 diagnoses of diarrhoea of which 241 were made by Clinical Assistants and Medical Officers at study hospitals. 86.6% of the mothers mentioned to study nurses that their children had watery diarrhoea and 6.9% bloody diarrhoea. 81.7% of infants were treated with ORS. Eighty-seven infants had as main diagnosis anaemia. Of these, 78 were at the study hospitals of which 72 (92.3%) had an Hb of less than 8g/dl. Eye infections were the most common diagnosis (494) and 403 were seen at the study hospitals and 90.9% had eye discharge.
Morbidity incidence
There were a total of 2221 new episodes of morbidity during the follow-up period. On average an infant experienced 5.45 (95%C.I. 5.2; 5.68) illness episodes during the first year of life ( Infants in the LBW NFA group had the highest incidence of malaria (1.26) and infants in the LBW FA group the lowest (0.83) although this difference was not significant. The highest incidence of death occurred in infants with LBW and FA. Morbidity incidence for coinfections of malaria, respiratory infection and/or diarrhoea showed that there was no significant difference amongst the four study categories.
Cumulative incidence of first morbidity episodes
By one month, 10% and by 12 months 95% of the infants had experienced an illness episode (Table 4) . Almost 40% of the infants had had an illness episode by three months with respiratory infections being the most common (17.9%). First malaria episode occurred in 8.3% by three months and by six months 34% had experienced at least one malaria episode. At one year, at least one episode of malaria, respiratory tract infection, diarrhoea and eye infection occurred in over 60% of the infants. Cumulative incidence in time, stratified by birth weight and fetal anaemia categories, showed no significant difference in incidence between groups. Figure 2 shows the survival curves for time to first illness episodes for the four study groups. There was a significantly shorter time to first illness episode for infants with NBW 
Time to first illness episode

Persistent episodes
There were 66 infants who experienced persistent episodes covering two scheduled visits. These episodes comprised 44.6% with respiratory infection, 16.2% with malaria and 8.1% with diarrhoea. In the LBW FA group, 17.1% of infants experienced persistent episodes compared to 17.0% least once. The corresponding figures were 16.1% in both the NBW FA and LBW NFA groups and 11.6% in the control group. The prevalence of admissions in the different groups was not significantly different.
Discussion
This study achieved good follow-up with reporting rates at scheduled visits of over 60%. Only 67 infants did not attend once for follow-up mainly due to long residential distance from the hospital. Infants experienced on average 5.45 illness episodes per year. This is within the range of 2.3 to 6.5 illness episodes per year reported 14 for children in Kwara State Nigeria, rural Ethiopia and Burkina-Faso. Follow-up times ranged from 171.7 person years in controls to 29.1 person years in the LBW FA group which was due to the small study number (n=35) in that group. This difference could be a source of confounding as shorter periods may incur fewer new episodes. A difference between our study and that of Vaahtera 14 was that we considered morbidity as episodes reported by the mother and assessed by Clinical Officers and Medical Assistants while they reported morbidity as episodes recalled (fortnightly) by the mother in the community. The present study therefore reports mostly on more severe forms of morbidity.
Malaria diagnosis
Almost two thirds of infants with a diagnosis of malaria had a positive slide result. Sulphadoxine-pyrimethamine (SP) was prescribed to the majority of malaria cases (89.3%) indicating good adherence to the Malawi National Malaria Control Programme guidelines for recommended treatment of febrile children 15 as well as the current Integrated Management of Childhood Illnesses (IMCI) guidelines 13 . The usefulness of diagnostic algorithms for managing malaria in children on the basis of such guidelines has been reviewed and they show good sensitivity and specificity, although most studies have only included children older than one year 16 . As 39.9% of infants with a malaria diagnosis were slide negative, then to considerable over-use of SP would occur. In addition, at least 10% of malaria cases would be missed if diagnosis on the basis of fever alone was used. Afolabi et. al reported that in the NBW FA, 13.1% in the NBW NFA and 9.0% in the LBW NFA group. Prevalence of persistent episodes did not significantly differ between groups.
Hospital Admissions
Altogether, 71 infants (14.4%) were admitted in hospital and 7 were admitted twice. Among infants admitted, 13 (16.7%) had gastro-enteritis, 22 (28.2%) pneumonia, 20 (25.6%) malaria, 2 (2.6%) nutritional deficiency, 2 (2.6%) meningitis, 1(1.3%) tuberculosis, and 18 (23.8%) other illnesses. Nine (12.7%) of the admitted infants died. The primary diagnoses in the children who died were gastro-enteritis (2), pneumonia (1), meningitis (2), nutritional deficiency (1) or other illnesses (3).
In the LBW FA group, 14.3% of the infants were admitted at the sensitivity of malaria clinical diagnosis in Nigerian infants below 6 months was 32.7% (compared to microscopy) and specificity was 74.6%
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. The IMCI guidelines for treating all febrile illnesses as malaria offer a reasonable strategy for diagnosing infant malaria in febrile children. However, of the 245 respiratory infection episodes, 75.9% were febrile, of whom only 21.2% had a positive malaria slide, and all of these would have received anti-malarial treatment unnecessarily if IMCI guidelines were followed.
Morbidity incidence
Respiratory infection, malaria and diarrhoea are the commonest form of morbidity in infants in Africa and elsewhere in the developing world [18] [19] [20] 2 . The incidence of respiratory infections in infants in Michigan (USA) and Costa Rica were higher than in the present study with annual rates of 6.1 and 3.3 21, 22 . Surveillance in these studies was weekly or fortnightly compared to 4-weekly in the present study. In a 10 week interval surveillance in Nigeria, an annual incidence of 4.9 per year of malaria episodes in infants estimated using a Markov chain model was reported 23 . Differences in levels of malaria endemicity limit comparisons between these studies. A further Malawi study which used monthly surveillance reported comparable incident rates to those observed in the present cohort 13 . Diarrhoea was uncommon in the first three months of life, with a 3-fold increase by 6 months. This may partly relate to the loss of passively acquired maternal immunity, but increasing incidence of diarrhoea in infancy also relates to the introduction of water and weaning foods prepared using unhygienic practices 24 . Persistent episodes are associated with early weaning 25 and in this population 17% of the infants were already given a local infant food (phala) by 6 weeks of age. This figure increased to 42% by 12 weeks of age.
Eye infections were the most common form of morbidity. Prevalence of active trachoma in children in the lower Shire valley was 36.7% in 1983 36.7% in and 14% in 1999 36.7% in (Courtright, 1999 . The present findings indicate that eye infections are a significant problem from early in infancy and appropriate recognition of their significance will be important in order to establish suitable awareness in the community and in order to improve prevention strategies.
Fetal anaemia and morbidity incidence
The infants with NBW and FA had a significantly higher cumulative incidence of morbidity and a shorter time to first illness episode compared to the other study groups. Infants with FA also had more persistent episodes although this was not statistically significant. Fetal anaemia has previously been reported to be associated with infant anaemia in the first six months of life and with increased mortality in this cohort 5, 6 . The causes of FA have not been determined but may result from maternal iron deficiency anaemia and dense placental malaria infections, both of which commonly occur in these mothers. The evidence that severe childhood anaemia is an important risk factor for child mortality has recently been reviewed 26 .
Birth weight and morbidity incidence
In this study, LBW was not identified as a significant risk factor for disease incidence. A number of further studies have also reported that LBW was not risk factor for infant morbidity. In the USA, no differences in frequency of diarrhoea episodes between LBW and NBW infants was found 27 . In the same study, gastrointestinal diseases were less frequent among LBW children (25.9 episodes versus 30.1 episodes per 100 children). In a cohort of children in Guatemala, it was also reported that reduced birth weight showed no consistent relation to infection, or to cumulative clinical manifestations 25 . In a study of malaria infection in early infancy in Malawi, birth weight was not associated with a positive blood slide in the first three months of life 28 . However, other studies do report an association of LBW with infant morbidity. In the, United Kingdom, Acheson 29 reported that babies weighing less than 2,490 grams experienced significantly higher morbidity than NBW babies. Knobloch 30 found that LBW infants in Maryland, USA had 50% more illness episodes than NBW infants. Ashworth 31 also reported an association of LBW with pneumonia risk in a review of studies from different countries and showed there was an increased risk of diarrhoea in LBW infants. In a small study of paediatric diarrhoea in Sri Lanka, good evidence for an association between LBW and increased risk of diarrhoea was found 32 . In a study from north east Brazil, LBW infants had increased risk of diarrhoea but not respiratory infection 33 .
These different results between studies may partly relate to methodological issues 27 . In general, there is insufficient data on the relative risk of morbidity by birth weight categories to allow comparative computations for morbidity associations to be made 34 . There are also very few studies on this from Africa, especially from malaria and HIV endemic areas.
Severity of illness/persistent episodes
A number of factors may confound incidence estimates including disease severity. More severe infections may occur in LBW babies because of the association of LBW with impaired immune function [35] [36] [37] . In the present study, the highest prevalence of persistent episodes occurred in the LBW FA group although this was not statistically significant. The occurrence of pre-term or growth retarded new-borns may have independent effects on morbidity risk. In this cohort, 32.6% of babies had a LBW of whom 45.6% were premature and 54.4% were intra-uterine growth retarded. A further confounding factor is maternal anaemia. Mothers of infants in the study groups were significantly more anaemic than controls. HIV prevalence among pregnant mothers was 25.6%(10), although this did not vary significantly between the four groups. Paediatric HIV/AIDS would confound the effect of birth weight and fetal anaemia on infant morbidity as between 20% to 43% of infants may have become infected through mother to child transmission [38] [39] [40] .
In conclusion, this study has shown that LBW and FA were not significant risk factors for morbidity incidence in infants, although babies with FA experienced their first infection at an earlier age and were more likely to have a persistent morbidity episode. Interventions to reduce infant morbidity need to address risk factors for severity of infectious episodes in order to optimise care for those babies.
